IT was found previously (Fare and Woodhouse, 1963) that when rats were fed p-dimethylaminoazobenzene (DMAB), there was a gradual increase in the concentration of copper in the liver, an increase of 35 per cent above normal being observed after 380 days on a diet of maize containing 0*09 per cent DMAB. We have since found a decrease in the copper content of the kidneys.
IT was found previously (Fare and Woodhouse, 1963 ) that when rats were fed p-dimethylaminoazobenzene (DMAB), there was a gradual increase in the concentration of copper in the liver, an increase of 35 per cent above normal being observed after 380 days on a diet of maize containing 0*09 per cent DMAB. We have since found a decrease in the copper content of the kidneys.
When 0 5 per cent of cupric oxyacetate hexahydrate is fed in addition to the DMAB, a good degree of protection is given against the development of liver tumours (Howell, 1958) and the copper content of the liver increases enormously to 40 times normal after 380 days (Fare and Woodhouse, 1963) . The association of increased copper in the liver when excess copper is fed with inhibition of tumours, suggests that the alterations in copper content of kidney and liver when DMAB is fed alone play some part in a possible intrinsic defence mechanism against DMAB as a carcinogen. This paper, therefore, describes the results of copper assays on rat tissues after feeding the carcinogen, alone and also together with copper for periods of up to 400 days, together with the values obtained from control rats fed maize only.
It was necessary to determine whether the changes in the DMAB-fed rats were partially dependent upon the age of the animals and upon the possibly low copper content of maize, and so a further control group of rats was fed a proprietary diet which contains all the necessarv trace elements in sufficient amount and in an assimilable form.
MATERIALS AND METHODS

Animals
Twenty-five female albino rats were obtained from two outside sources. The two sets were distinguished by ear clips and were given an adequate diet until they were 4-5 months old. During this time, three animals died and the remaining 47 were taken at random and assigned to the three dietary groups. Fifteen rats formed the maize fed control group, 14 were fed maize +0 09 per cent DMAB and 18 were fed maize +009 per cent DMAB +0-5 per cent copper acetate (CuAc).
For the " ageing " experiment, two 3-day old litters of rats from our outbred laboratory stock were combined. The males from both litters were returned to the onie mother and all the females to the other. All the young rats continued to thrive l)ut as there were more males (twelve) than females, the former were chosen for experimental purposes.
D)iets
The maize -,-1)MAB and maize + CuAc -j-DMAB diets were prepared alnd fed five days a week as described previously (Fare and AWoodhouse, 1963) .
The rats in the agcing experiment were fed proprietary cube (Thompsonl diet) tlhroughout, powdered and given to the rats moistened with tap water. This enabled a good estimate of the amount of food consumed to be made. Whell dry cubes are given, an amount difficult to estimate is lost as powder in the bedding.
D)esign of experiments
(a) Using azo dye and copper diets.-In this experiment, the rats were killed in sets of three at intervals in each group, and all analyses were performed oni pooled samples from the three animals. In this way it was hoped to minimise variations due to the different individual response of each animal.
The three animals were deprived of food for 16 hours, killed anid the livers removed, washed with tap water, weighed, combined, minced and filtered through a 1 mm. stainless steel mesh to remove coinnective ancd vascular tissutes. An accurately weighed sample (approximately 500 mg.) was homogeniised ini dilute saline and stored at 4 degrees.
Similarly the six kidneys were removed, trimmed free from adhering fat, mixed by shredding with scissors and a sample homogenised in saline. A splenic homogenate was prepared in the same way.
(b) Ageing experiment.-The animals in this experiment were identified by ear clips and weighed at gradually increasing intervals througlhout the experimenit. For killing, the two rats were selected which at the time in question had gained the most and the least weight respectively since the beginininig of the experimelnt. This method of selection was used to minimise the effects on the experiment of the differences in the growth rates of individual animals. Separate lhomogetnates of kidneys, liver and spleen were prepared from each rat since correlationis could then be sought between tissue copper content and body weight as mell as betweeni the average copper content for the pair and the time on diet.
Biochemical determinations
Preliminarv experimenits showed that significanit amounits of copper w"ere lrese1lt in kidneys, liver and spleen of normal rats but only minute amouints in skin. fat.
bonie. intestine, lung etc.. anid conisequently only the copper conitenlts of these first three tissues are reported.
All kidney, liver and spleen homogenates from both experimeents were assayed for copper colorimetrically using biscvclohexanonie oxalyldihydrazone as described by Nilsson (1950) . and Riddett (1953) . The homogenates were also assayed for nitrogen bv microkjeldahl digestion followed bv niesslerisatioin.
iSucciinoxidase The decrease in the ratio of body weight to liver weight attendant upon tumour growth in the DMAB fed group may be seen in Fig. 1 ., whereas the group fed both chemicals showed only a small fall, even after 504 days. The DMAB fed rats were found to have dark, rougheined livers with scattered black nodules when examined after 156 and 193 days after which time liver alterationl from normal became more pronounced and cystic and solid tumours became apparent in several of the animals.
As described previously (Howell, 1958 ; Fare and Woodhouse, 1963) , the additioin of the copper salt delayed these changes and gave a good degree of protection against tumour formation. This is illustrated by Table I which describes briefly the post-mortem appearances of the livers and spleens from the rats fed both chemicals. The table also indicates the variation of individual animals towards identical treatment and demonstrates the advantage of using material from more than one animal at each instance. For example, it will be noted that whereas the liver of one of the rats killed after 256 days had developed changes, one of the rats killed after 504 days still had an apparently normal liver.
Nitrogen a(ssl5y
Nitrogen estimations on the kidney and spleen homogenates were performed merely to serve as a basis for expressing copper contents, and the nitrogen contents of the tissues are therefore not given. In the case of the liver homogenates, however, the nitrogen figures not only serve as a basis for expressing the copper content and the enzyme activities but are also of intrinsic value since they show variations attributable to DMAB feeding. The nitrogen content of the liver homogenates expressed as mg. Kjeldahl nitrogen per 100 mg. of filtered liver pulp fell steadily as DMAB was fed to a value of 2-04 after 290 days, from the normal (maize fed) value of 3-41 plus or minus a standard deviation of 0-12. In the group additionally fed copper, the nitrogen content had only fallen to 2-80 after 504 days, which is higher than the value in the DMAB fed group after 156 days.
Copper assay
The copper content of all three organs from the maize fed control group increased slowly with time (Table II) ; related to nitrogen content the spleen had the highest copper content followed by that of the kidneys.
When DMAB was fed, there was a rise in the copper content of the liver and a fall in that of the kidneys while the splenic level remained constant (Fig. 2) . The total amount of copper in the three organs, however, increased only slightly with Succinoxidase assay As expected from the results of previous workers, there were falls in the activities of the succinoxidase enzymes when DMAB was fed. In Fig. 4 the cytochrome oxidase activities on a liver pulp weight basis are set out. Higher levels of both the enzymes were maintained for a much longer period when copper was included in the diet. In both groups of animals, the progressive changes may be correlated with the tissue damage as would be presumed from the tissue alterations briefly described previously. Fig. 5 gives the meani post-mortem bodv weights, liver weights and their ratios. The body weights increased most rapidly in the early stages, and since the liver weight increased more uniformlv. the ratio attainied ani earlr maximum anid then fell slowly-.
Cfopper assay
No correlations were found betweeni the copper conitenits of the organis of an individual rat anid its body weight, and the copper cointenits referred to hereafter are meani values of the pair of rats. The copper content of the spleen, expressed in terms of nitrogeni, iniereased gradually with age (Fig. 6) .
The value found initially in the liver (after 20 days of feeding) fell durinig the next three months. Correspondingly, there was a rise in the copper conitent of the kidneys. Thereafter both kidneys and liver showed a slight but continiual increase with time similar to that observed in the spleen (Fig. 6) .
During the lifespan, there is a continuous slow increase in the total copper conitent of the three tissues, probably by some 14 per cent after 400 days.
(2) (2)9 -o 0- The mean of each pair of animals is joined bv straight lines to its neighbours.
DISCUSSION
Although maize is not an ideal diet for the rat, our observations suggest that it has nlo deleterious effects on growth of the animals or oni the weight of the liver.
Thus the bodv weight to liver weight ratios for the maize fed rats (Fig. 1) are in the same range as those for the rats fed a fully sufficient diet (Fig. 5) for comparable periods of time.
It was found previously (Fare and Woodhouse, 1963) that the assay of succinioxidase activity in a sample of whole liver homogenate gives a good indication of the stage of tumour induction in the organ. For example, after 380 days of DMAB feeding. the succinoxidase enzyme activity expressed in terms of liver weight fell to about one quarter of the normal value, whereas after the same period on the DMAIB CuAc diet the value had only fallen by about 20 per cent. The decrease in enzvme activity in the livers of the cube fed animals during early life (Fig. 7) suggests that in the young rat, the liver succinoxidase svstem plays a more important part in metabolism than it does in the adult. The fall in activity in these rats was restricted to the first six months of life ill the dve feeding experiments, the animals were 3-4 months old at the start of the experiment and the first animals were not killed until after a further few months Consequently, this ' ageing " effect was not a contributory factor to the enzyme chlaniges noted when the DMAB containing diets were fed, and the ageing changes were much less severe than the DMAB induced changes (compare Fig. 7 with Fig.  4) . Earlier, Schneider and Potter (1943b) have reported that cytochrome oxidase activity is higher in young than in adult rats.
The higher concentration of copper in the kidneys than in liver in the niormal rats is in agreement with the results of Greenstein and Thompson (1943) for Buffalo strain rats. Arnold and Sasse (1961) found that in rats of the Wistar strain, the liver copper content was greater than that in the spleen when the values were expressed as ,lig. per g. dry tissue, whereas our results, expressed in terms of Kjeldahl initrogen, indicated that the splenic level was over twice the liver content both ill the cube fed rats of our own stock and in the maize fed animals from two outside sources.
The changes in copper content observed in the kidneys and liver in the early stages of the " ageing " experiment ( Fig. 6 ) could have been brought about by an internial redistribution of the total copper in the organs, or by a decrease in liver copper conitent and an increase in the kidneys proceeding independently. After these earlv changes, the liver copper content increased slowly to the same values as those observed in the maize fed control rats of the dye feeding experiment (compare Fig. 6 with Table II ) and it can be inferred that maize contains at least as much utilisable copper as the cube. Further, since the cube diet contains sufficient quantities of all the trace elements, it must be deduced that maize also contains sufficient copper in an assimilable form. Greenstein and Thompson (1943) observed increases in the liver copper content of Osborne-Mendel rats carrying transplanted Hepatoma 31 and in Buffalo rats bearing transplanted Jensen sarcoma. Arnold and Sasse (1961) reported high copper contents in the DMAB liver tumours themselves but not in the liver of DMAB fed rats, whereas we have found significant increases in the DMAB livers before the development of tumours. These authors reported an increased copper storage in the spleens of DMAB animals, but no significant changes were found in our experiments. Greenstein and Thompson (1943) found that in Buffalo rats bearing the Jensen sarcoma and in C3H mice with spontaneous mammary tumours, there were decreases in the kidney copper content. Also, spleens from rats and mice bearing various tumours contain-ed subnormal amounts of copper although the exact values were not quoted.
It is interesting to note that the decrease observed in the kidneys of the DMAB fed rats in these experiments was exactly equivalent to the increase in the liver, and these changes occurred during a period at which there were Ino changes attributable to ageing (compare Fig. 2 with Fig. 6 ).
It is possible to infer that the depletion of copper in the kidneys is associated with an extra demand for copper in the liver due to the feeding of DMAB. If the liver can draw upon the reserves of the kidney in this way, it is of interest that when excess copper is given in the diet it does not store to any appreciable extent in the kidneys.
A second possibility is that dietary copper when DMAB is fed is retained in the liver preferentially, and the fall in kidney copper content would theni be due to lack of replacement of the element lost by natural wastage. This would require that the liver copper was stored in a stable form to prevent its being transported to the kidneys, and preliminary experiments have showni that in fact the copper biinds to liver protein in anl analogous fashion to azo dyes (Fare, 1963) . SUMMARY 1. Normal rats fed oni a proprietary diet showed an increase in kidniey copper conitent during the first four months with a corresponding decrease in the liver. Thereafter, the copper contenit of kidney, liver and spleen all increased slowlv throughout the lifespan. When the copper content is expressed in relation to the niitrogeni content of the tissue, the level was highest in the spleeni and lowest in the liver.
2. When DMAB is fed in a maize diet, the copper concentration increased in the liver, decreased in the kidneys and remained constanit in the spleeni. These chaniges were apparent before tumours were formed. The total copper cointenit in the three organs together. expressed in terms of niitrogeni, was identical with that of the conitrol animals.
3. Wheni maize + CuAc DMA 13 was fed, the liver copper contenit per mg.
nitrogen after 500 days inicreased 45 times, the kidney conitenit 2 3 times and that of the spleen by 14 times the normal value.
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